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ATP-dependent dihydroxyacetone kinases (DHAK’s) have been given considerable 
attention because of their feasibility for simple and efficient production of DHAP. We 
have reported a multi-enzyme system for one-pot C-C bond formation catalysed by 
DHAP-dependent aldolases, based on the use of the recombinant DHAK from C. 
freundii CECT 4626, for in situ DHAP formation.1 We have showed its utility with the 
three synthetically useful DHAP-dependent aldolases and with a great variety of 
commercially available aldehydes.2 During the progress of our own work towards the 
biochemical characterization of this enzyme, Cameselle and co-workers reported the 
molecular identity of recombinant human and rat liver purified FAD-AMP lyase (FMN 
cyclase) as ATP-dependent DHAK’s.3
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DHAK from Citrobacter freundii.
In this communication, we describe the promiscuous 
behaviour of DHAK from C. freundii.3 Catalytic promiscuity is 
defined as the ability of an enzyme to catalyze more than one 
chemical transformation.4
CATALYTIC 
PROMISCUITY
A promiscuous enzyme catalyze a 
reaction using its natural substrate, with 
a certain degree of efficient. 
However, the catalytic site of this 
enzyme could be capable to catalyze a 
different chemical transformation with a 
new substrate, even using additional 
binding and catalytic residues that in 
natural reaction. Promiscuous activities 
are usually much lesser efficient than 
natural ones.4
We have demonstrate that DHAK from C. freundii is able to catalyse, beside the transfer of the α-
phosphate of the ATP to DHA (natural activity), the cyclization of the FAD to yield riboflavin 4’,5’-
cyclic phosphate (4’,5’-cFMN).3
The different kinetic parameters for the two reactions and for the different 
substrates are summarized in Table 1. The catalytic efficiencies (kcat/KM) of DHAK 
for the different phosphorylated substrates were of the same order of magnitude.
However, the kinase- and cyclase-specific 
activities are drastically affected by the metal 
used as cofactor. Whereas the kinase activity 
was almost independent of the metal used, 
the cyclase activity was increased almost 50 
times when the cofactor used was Mn2+.
A detailed analysis of the behaviour of the two activities as 
a function of the Mn2+ concentration showed that at low 
concentrations the DHAK is able to catalyse both the 
phosphorylation of DHA and the cyclization of FAD. Above 
about 1.5 mM Mn2+, however, the kinase activity begins to 
be inhibited, while the cyclase activity reaches saturation 
without any detection of inhibition by an effect of Mn2+.3
DHAK from C. freundii consists of two 
domains: K-domain (where DHA 
binding site is located) and L-domain
(where ATP binding site is located).6
Because of the structural similarities 
between ATP and FAD, it seems to be logical 
to assume that the promiscuous activities 
may occur in the ATP binding site of DHAK.
Through kinetic and docking studies, we 
have demonstrated that both activities are 
linked to the same binding site. FAD 
molecule binds to the active centre in two 
sub-sites, one of them coincident with the 
ATP binding site and the other probably 
associated with the bound isoalloxazine ring 
of the FAD.3
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Activity Substrate KM (mM) kcat (s-1) kcat/KM (s-1/M) 
Kinase DHA 0.0012±0.0003 24.13±0.92 1.98x107 
Kinase Mg-ATP 0.35±0.01 24.02±0.37 6.9x104 
Kinase Mn-ATP 0.65±0.1 24.84±1.1 3.8x104 
Cyclase Mn-FAD 0.017±0.001   0.47±0.02 2.8x104 
 
Type of inhibition[a] (ki mM) 
Activity/substrate DHA ATP FAD AMP 
Kinase/Mg-ATP N.I — — C (10.2) 
Kinase/Mn-ATP N.I — 
M 
(kic=0.5) 
(kiu=3.0) 
C (71.8) 
Cyclase/Mn-FAD A (576) C (0.2x10-3) — C (3.52) 
[a] C: competitive inhibition; A: acompetitive inhibition; M: mixed inhibition; N.I: no inhibition. 
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CYTOPLASMIC CONCENTRATION OF MN2+ COULD ACT AS A REAL SWITCH THAT TURNS THE KINASE 
ACTIVITY OFF WEN THE CYCLASE ACTIVITY REACHES ITS MAXIMUM.
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Naturally occurring catalytic promiscuity 
provides the starting point for Darwinian 
evolution of enzymes to perform new 
functions, because this process must 
occur gradually, with organism fitness 
being maintained throughout.5
Our results suggest that a new cyclase
function has evolved in nature through 
recruitment of an existing promiscuous 
activity and its gradual improvement and 
is currently maintained as a secondary 
function of DHAK.3
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